Objective: Ataxic hemiparesis (AH) is a well recognised lacunar syndrome involving homolateral ataxia with accompanying corticospinal tract impairment. Most previous studies of lesion location in AH did not use diffusion weighted MRI (DW MRI). The purpose of this study was to use DW MRI to evaluate the radiological correlation in patients presenting with AH. Methods: Retrospectively, we studied 29 patients with AH using DW MRI. Results: All patients were scanned within 4 days of onset. Acute infarction was identified in 28 of 29 (97%) patients. A single lesion was identified in 26 patients: pons (n = 8), internal capsule (n = 6), corona radiata (n = 2), distended internal capsule from corona radiate (n = 7), frontal subcortical area (n = 1) and precentral with or without postcentral gyrus (n = 2). Two lesions were found in two patients: in the pons and corpus callosum of one patient, and in the corona radiata and subcortical white matter of the other. Conclusions: AH is mainly caused by pontine or internal capsule/corona radiata lesions. It also occurs in the precentral gyrus, including the precentral knob, with or without postcentral gyrus lesions. Fibres of the fronto-ponto-cerebellar system may originate from the frontal cortex, including the precentral gyrus, probably near the pyramidal tract. Damage at this location may cause AH.
A taxic hemiparesis (AH) was first reported by Fisher et al, who initially described and named this syndrome which consists of a combination of homolateral ataxia and crural paresis. 1 2 He later renamed it ''ataxic hemiparesis'', signifying any combination of weakness and incoordination out of proportion to weakness on the same side of the body. The lesion topography of AH is known to be located in the pons, internal capsule, thalamus or corona radiata. [3] [4] [5] [6] [7] [8] [9] [10] The subcortical white matter and the cerebral cortex have also been implicated but only rarely. Most previous reports of the location of AH were based on CT or conventional MRI, not on diffusion weighted MRI (DW MRI). The purpose of this study was to use DW MRI to evaluate the radiological correlation in patients with presenting AH. We provide DW MRI data from our institution for the acute phases of 29 cases of AH.
METHODS Patients
We reviewed the case records of 29 consecutive AH patients admitted to our institution between November 2003 and October 2006, who were examined by DW MRI during the acute phase.
All met the following criteria 7 : (1) new onset ipsilateral ataxia and pyramidal signs, (2) dysmetria out of proportion to the patient's weakness, (3) absent or minimal cortical signs and (4) all signs documented by a neurologist. In addition, the exclusion criterion was ataxia caused by deep sensory disturbance.
DW MRI
MRI was performed in all the patients on the day of admission. Cranial DW MRI was done with a 1.5 T Siemens Magnetom Vision (repetition time/echo time = 3900/100 ms). All images obtained were 6 mm thick with 1.25 mm interslice gaps for all scans.
RESULTS
The mean age of the 29 patients was 67.7 (SD 8.8) years; range 50-90). The mean period between stroke onset and admission was 1 day (range 0-4). Twenty-three of the patients were men and six were women. Nineteen had hypertension (previously having a systolic blood pressure of .140 mm Hg or already medicated) and 15 were diabetic (elevated glycohaemoglobin or an already treated location). Elevated serum cholesterol levels (.220 mg/dl) were detected in eight patients. Twenty had a history of cigarette smoking (.10 cigarettes/day). None had atrial fibrillation. Dysarthria was mild in 18 patients. Seven of the 29 showed mild decreases in superficial sensations. None had a cortical sensory disturbance.
Distribution of lesion location, found by DW MRI, is shown in table 1. DW MRI detected abnormalities in 28 of the 29 (97%) patients. A single lesion was identified in 26: locations included the pons (n = 8), internal capsule (n = 6), corona radiata (n = 2), distended internal capsule from the corona radiata (n = 7), frontal subcortical area (to the precentral gyrus) (n = 1) and cerebral cortex (precentral with or without postcentral gyrus) (n = 2). Two patients had two lesions: one in the pons and corpus callosum and the other in the corona radiata and subcortical white matter, one of which could not be correlated with the clinical examination. In each case, the former was the causative lesion. Three patients with AH with cerebral cortical or frontal subcortical white matter lesions are shown in fig 1. In case No 1, there were distinct regions at the precentral knob and in case No 2 in the pre-and postcentral regions. In the subcortical white matter case (case No 3), a small high intensity signal was also present at the precentral knob.
One of two patients with cortical AH (case No 1) and one with subcortical AH (case No 3) underwent technetium-99m-ECD single photon emission computed tomography (SPECT) during the acute phase (on days 3 and 8). The calculated asymmetry index (affected cerebellar hemisphere SPECT intensity/unaffected cerebellar hemisphere SPECT intensity 6100) was 103% in case No 1 (precentral lesion) and 103% in case No 3 (frontal subcortical lesion), indicative that there was no crossed cerebellar diaschisis (CCD) in these two patients.
The mean National Institutes of Health Stroke Scale scores on admission in patients with AH according to lesion site were as follows: corona radiata/internal capsule (n = 15) 5.2; pons (n = 8) 6.0; and frontal or subcortical lesion (n = 3) 4.7. The mean modified Rankin Scale scores at discharge were as follows: corona radiata/internal capsule 1.7; pons 2.3; and frontal/subcortex 1.3.
Abbreviations: ACA, anterior cerebral artery; AH, ataxic hemiparesis; CCD, crossed cerebellar diaschisis; DW MRI, diffusion weighted MRI; SPECT, single photon emission computed tomography Hemiparesis with predominantly leg weakness was shown in 8 of 29 patients (internal capsule/corona radiata 4; pons 3; and frontal cortex/subcortex 1), and that with predominantly arm weakness was found in 4 of 29 patients (internal capsule/corona radiata 3 and frontal cortex/subcortex 1).
DISCUSSION
Previous clinical-anatomical correlation studies of AH were based on conventional MRI or CT, or on autopsy findings. A recent study of 23 AH patients from Spain showed that involvement of the internal capsule (22%), pons (13%) and corona radiata (9%) were the most frequent topographies. 10 Conventional MRI is restricted because of difficulty in differentiating between acute and chronic lesions. Only one report, on a small series of 11 AH patients, addressed lesions detected by DW MRI. Those lesions were in the internal capsule (n = 6: with thalamus (n = 1), thalamus/cerebral peduncle (n = 1), corona radiata (n = 1), pons (n = 2), putamen (n = 1), corona radiata (n = 1) and insular cortex (n = 1)). 8 In our study, DW MRI detected acute lesions in 97% of 29 patients. In fact, previous large AH studies of conventional MRI or CT showed no causative lesions in 23-33% of cases. 6 7 11 In a large study 6 of 100 patients who had AH caused by haemorrhage or infarction (in 22% of those patients examined by conventional MRI) CT detected locations in the internal capsule (39%), pons (19%), thalamus (13%), corona radiata (13%), lentiform nucleus (8%), cerebellum (4%) and frontal cortex (all anterior cerebral artery (ACA) territory 4%) but the remaining 23% of these patients had no visual lesion or only leukoaraiosis. Our study showed that small cortical or subcortical lesions can cause AH, and three of the 29 patients who had cortical or frontal white matter lesions may have been difficult to detect by conventional MRI or CT. By not using DW MRI, AH due to lesions in small cortical or subcortical regions may have been overlooked or could not be determined.
In cortical AH, large ACA infarcts containing central paralobules have been recognised as the cause of AH with leg predominant weakness. 6 12 Our study, however, showed that precentral gyrus and postcentral gyrus infarctions that are not caused by involvement of the ACA territory can cause AH. Ataxia in AH has been tentatively explained by involvement of fibres connecting the ventrolateral nucleus of the thalamus and precentral cortex or corticopontine fibres. 4 In ACA territory infarction, hemiataxia from paracentral lesions may contribute to involvement of the paracentral contingent of Arnold's frontopontine bundle or of Türck's parietopontine bundle. 12 13 In previous studies, central sulcus lesions were the reported cause of AH, 11 14 and most were located in the slice level of the lateral ventricle not involving the motor cortex near the precentral knob or were in central larger cortical regions, unlike in our study. An anatomical study of animals also found that corticopontine fibres mainly originate in the central regions of the cerebral cortex. 15 In contrast, Yousry et al showed that precentral knob lesions produced isolated hand palsy. 16 Monoataxia of an upper extremity due to small cortical infarction of the precentral knob has also been reported, 17 indicative that a lesion in the precentral gyrus, especially the precentral knob, affects the fronto-ponto-cerebellar system. We found that lesions in the precentral and/or postcentral regions and in the frontal subcortical white matter regions could cause AH. Our study and the monoataxia cases, 17 caused by precentral knob infarction, provide direct clinical evidence that the precentral gyrus, especially near the precentral knob, has fibres of the fronto-ponto-cerebellar system near the human pyramidal tracts. Our findings did not confirm reports that corticopontine fibres originate from the central regions of the cerebral cortex rather than from the frontal cortex.
14 Some studies have reported the possibility of CCD in AH patients. 13 18-21 A recent report showed that three patients with AH caused by subcortical white matter lesions showed CCD. Two of our three patients who underwent SPECT did not show CCD, evidence that it is not always required for the occurrence of cerebral cortical or subcortical AH. In our study, 34% of AH patients did not have hypertension; in addition, patients with deep lacunar infarctions as well as those with frontal cortical or subcortical infarctions presented with AH. Thus the lacunar hypothesis in AH was not always an accepted condition in our study.
In conclusion, as suggested from previous studies, AH lesions were mainly found in the pons or internal capsule/corona radiata. Our study confirms previous findings that AH frequently occurs as a result of lesions in these regions, but lesions in the precentral cortex region containing the precentral knob can also cause AH. The pathological mechanism of cortical or subcortical AH was not always associated with CCD but may have been caused by direct damage of the frontoponto-cerebellar system at the frontal cortex or subcortex. Fibres of the fronto-ponto-cerebellar system may originate from the frontal cortex, including the precentral gyrus (probably near the pyramidal tract), rather than central regions of the cerebral cortex. Damage at this location may cause AH.
